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METHOD FOR GENETICALLY MODIFYING HEMATOPOIETIC STEM CELLS 



INTRQPUCTIQN 
Technigftl Field 

The field of this invention is methods for genetic 
modification of hematopoietic stem cells. 

Background 

Mammalicui hematopoietic cells provide a diverse range of 
physiological activities. These cells are divided into 
lymphoid, myeloid and erythroid lineages. The lymphoid 
lineages, comprising B cells and T cells, provides for the 
production of smtibodies, regulation of the cellular immxine 
system, detection of foreign agents in the blood, detection 
of cells foreign to the host, and the like. The myeloid 
lineage, which includes monocytes, granulocytes, 
megakaryocytes as well as other cells, monitors for the 
presence of foreign bodies, provides protection against 
neoplastic cells, scavenges foreign materials, produces 
platelets, and the like. The erythroid lineage provides the 
red blood cells, which act as oxygen carriers. 

All publications cited herein are hereby incorporated herein 
by reference in their entirety. 

Despite the diversity of the nature, morphology, 
characteristics emd function of hematopoietic cells, it is 
presently believed that these cells are derived from a single 
progenitor population, termed " stem cells • " Stem cells are 
capable of self -regeneration and may become lineage committed 
progenitors which are dedicated to differentiation and 
expansion into a specific lineage. As used herein, "stem 
cells" refers to hematopoietic cells and not stem cells of 
other cell types- Further, utnless indicated otherwise, "stem 
cells" refers to human hematopoietic stem cells. U.S. Patent 
No. 5,061,620 describes a subst£mtially homogeneous stem cell 
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se 



The ability of stem cells to undergo substantial 
If-renewal as well as the ability to proliferate and 
differentiate into all of the hematopoietic lineages makes 
stem cells the target of choice for a number of gene therapy 
applications. Successful gene transfer into stem cells 
should provide long-term repopulation of an individual with 
the modified cells and their progeny, which will express the 
desired gene product. By contrast, gene transfer into more 
mature hematopoietic cells, such as T cells, at best, 
provides only transient therapeutic benefit. Thus, there 
have been world-wide efforts toward finding effective methods 
of genetically modifying stem cells. For reviews of genetic 
modification of stem cells see Brenner (1993) J. Hematothsr. 
2:7-17; and Moore ajid Belmont. 

Most efforts to genetically modify stem cells have 
involved the use of retroviral vectors. Other methods such 
as liposome-mediated gene transfer or adeno-associated viral 
vectors have also been used. Retroviral vectors have been 
the primary vehicle due to the generally high rate of gene 
transfer obtained in experiments with cell lines, and the 
ability to obtain stable integration of the genetic material, 
which ensures that the progeny of the modified cell will 
contain the transferred genetic material. Retroviral vectors 
and their use in the transfer and expression of foreign genes 
are reviewed in Gilboa (1988) Adv. Exp. Med. Biol. 242:29; 
Luskey et al . (1990) Ann. N.Y. Acad. Sci - 612:398; and Smith 
(1992) J. Hematother. 1:155-166. 

Currently used methods of retroviral transduction 
into human stem cells have a number of practical limitations. 
One limitation is the extremely low numbers of stem cells 
present in any tissue. Therefore, in transductions performed 
with relatively impure populations of cells, the ratio of 
virus particles to stem cells will be Quite low. This 
limitation is compounded by the relatively low titers 
generally obtained with most retroviral vectors, typically in 
the range of 10* to 10* infectious virions per milliliter. 
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In addition, primitive stem cells typically are 
quiescent in culture; retroviral vectors require target cells 
to be cycling for stable integration of the retroviral DNA. 
Cytokines may be used to cause stem cells to cycle; however, 
the effect of various cytokines in driving stem cells to 
differentiation remains in question. Likewise, the effect of 
more differentiated cells in culture on the growth or 
division of stem cells is not well \inderstood. 

Many retroviral vectors currently in use are 
derived from the Moloney murine leukemia virus (MoMLiV) . In 
most cases, the viral gag, pol and env sequences are removed 
from the virus, creating room for insertion of foreign DNA 
sequences . Genes encoded by the foreign DNA are usually 
expressed under the control of the strong viral promoter in 
the LTR- Such a construct can be packed into viral particles 
efficiently if the gag, pol and env functions are provided in 
trans by a packaging cell line. Thus, when the vector 
construct is introduced into the packaging cell, the gag-pol 
and env proteins produced by the cell, assemble with the 
vector RNA to produce infectious virions that are secreted 
into the culture medium. The virus thus produced can infect 
eund integrate into the DNA of the target cell, but does not 
produce infectious viral particles since it is lacking 
essential packaging sequences. Most of the packaging cell 
lines currently in use have been transfected with separate 
plasmids, each containing one of the necessary coding 
sequences, so that multiple recombination events are 
necessary before a replication competent virus caji be 
produced. Altezmatively, the packaging cell line harbors an 
integrated provirus . The provirus has been crippled so that, 
although it produces all the proteins required to assemble 
infectious viruses, its own RNA cannot be packaged into 
virus. Instead, RNA produced from the recombinant virus is 
packaged. The virus stock released from the packaging cells 
thus contains only recombinant virus. 

The range of host cells that may be infected by a 
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retrovirus or retroviral vector is determined by the viral 
envelope protein. The recombinant virus can be used to 
infect virtually any other cell type recognized by the env 
protein provided by the packaging cell, resulting in the 
integration of the viral genome in the transduced cell and 
the stcJDle production of the foreign gene product. The 
efficiency of infection is also related to the level of 
expression of the receptor on the target cell. In general, 
murine ecotropic env of MoMLV allows infection of rodent 
cells, whereas amphotropic env allows infection of rodent, 
avian and some primate cells, including hximan cells. 
Amphotropic packaging cell lines for use with MoMLV systems 
are known in the art and include, but are not limited to, 
TAM, PA12, PA317, and TCRIP. Miller et al . (1985) Afol . Cell. 
Biol. 5:431-437; Miller et al . (1986) Mol . Cell. Biol. 
5:2895-2902; and Danos et al . (1988) Proc. Natl. Acad. Sci . 
USA 85:6460-6464. Xenotropic vector systems exist which also 
allow infection of human cells. 

The host range of retroviral vectors has been 
altered by stibstituting the env protein of the base virus 
with that of a second virus. The resulting, " pseudo typed " , 
virus has the host range of the virus donating the envelope 
protein and exp^^essed by the packaging cell line. Recently, 
the G-glycoprotein from vesicular stomatitis virus (VSV-G) 
has been substituted for the MoMLV env protein. Burns et al . 
(1993) Proc. Natl. Acad. Sci USA 90:8033-8037; and PCT patent 
application WO 92/14829. Unlike typical amphotropic env 
proteins, the VSV-G protein is thought to mediate viral 
infection by fusing with a phospholipid component of cell 
membranes rather than by recognition of a cell surface 
protein- Since infection is not dependent on a specific 
receptor, VSV-G pseudotyped vectors have a broad host range. 
Indeed, MoMLV-based retroviral vectors pseudotyped with VSV-G 
were shown to have a broad host range, infecting a number of 
cell lines derived from species such as hcucister and fish. 
These types of cell lines are not normally infected by 
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viruses containing the MoMLV envelope protein. 

The mechanism of infection mediated by the VSV-G • 
protein, however, has not been elucidated. It has been 
reported that VSV-G interacts with a phosphatidylserine 
component of cell membrajies, but that observation has yet to 
be verified. Schlegal et al. (1983) Cell 32:639-646. As a 
result, it cannot be predicted with any certainty what cells 
or cell types would be infected by a VSV-G pseudo typed 
vector, or with what efficiency transduction might occur. 

Summary of the Invention 

The invention provides improved methods of 
transducing hematopoietic stem cells with pseudotyped 
retrovirus vectors containing the VSV-G protein. The methods 
comprise using the vectors to transduce a population of 
hematopoietic cells enriched for stem cells. 

Brief Description of the Drawings 

Figure 1 is a schematic depiction of the plasmid 

pME- VSV-G. 

Figure 2 is a schematic depiction of the plasmid 

MFG-lac-2. 

Description of the Specific Embodiments 

It has now been found that CD34*Thy-l* mobilized 
peripheral blood (MPB) cells are tr£msduced with surprisingly 
high efficiency by a VSV-G pseudotyped retroviral vector as 
compared to CD3^* adult bone marrow (ABM) cells and as 
compared to the transduction efficiency of a conventional 
amphotropic vector. The improvement appears to be specific 
to the vector ajnd cell type; an amphotropic vector containing 
the same viral genome showed a somewhat better transduction 
efficiency in CD34* ABM cells compared to CD34*Thy-l* MPB 
cells. 

While not intending to be bound by emy one theory, 
the improved transduction efficiency described herein appears 
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to be due either to the more purified stem cell population, 
represented by CD34*Thy-l*Lin- cells as compared to CD34* 
cells, or due to the tissue cell source. Stem cells that 
have been mobilized into the peripheral blood by chemotherapy 
and/ or cytokines may xindergo changes in membrane 
characteristics as a result of the activation or 
mobilization; these changes may affect binding by VSV-G. 
Therefore, less highly purified stem cells obtained from MPB 
may also be suitable for use herein. Alternatively, more 
primitive hematopoietic cells represented by CD34'Thy-l-Lin- 
cells may be preferentially infected by the pseudotyped 
vector regardless of tissue source. In addition, primitive 
cells may cycle more when purified from more mature 
progenitor cells, thereby increasing integration of the 
retroviral genome. In that case, it is likely that any 
retroviral vector will transduce pluripotent stem cells more 
efficiently when a purer stem cell population is transduced 
as con5)ared to the more heterogenous CD34* cell population. 
In the presence of less primitive cells, stem cells will 
cycle less causing transduction frequency to represent 
disproportionate transduction of progenitor cells at the 

esqpense of stem cells . 

As used herein, "stem cells- refers to a population 
of hematopoietic cells more highly enriched in pluripotent 
stem cells than the population characterized solely by CD34 
expression. In particular, "stem cells" refers to a 
subpopulation of CD34* cells having all of the long-term 
engrafting potential in vivo. Animal models for long-term 
engrafting potential include the SCID-hu bone model and the 
in utero sheep model. For review, see Srour et al . (1992) J. 
Hematother. 1:143-153 and the references cited therein. In 
assays for long-term culture- initiating cells (LTCIC) . the 
highly enriched stem cell population will typically have a 
LTCIC frequency in the range of 1/20 to 1/100; preferably it 
will have a frequency of at least 1/50. Stem cells are 
exen5>lified by CD34*Thy-l* MPB cells and described more fully 
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in the exan^les provided herein. Other markers that have 
been reported to subdivide CD34* cells, further enriching for 
stem cells, include, but are not limited to, CD38"; 
rhodamine^**; c-kit receptor*; HLADR^^^"; CDVl"; and CD45RA-. 
See Table 1. In fetal tissues fiuid umbilical cord blood, stem 
cells are highly enriched in the CD34^^Lin- population as 
described by DiGiusto et al . (1993) Blood 84:^21-^32 . 

The highly enriched populations of stem cells may 
be transduced immediately after purification or maintained in 
long-term cultures and expajided in number in appropriate 
media, optionally in conjunction with hematopoietic factors 
such as LIF, stem cell factor, IL3 , IL6, IL7 , ILll , GCSF, 
GMCSF, EPO, MIP-lo and IFNy , xinder otherwise conventional 
conditions . 

Genetic modification of the stem cells can be 
accomplished at any point during their maintenance by 
transduction with a recombinant DNA construct packaged in a 
virion containing the VSV-G protein. The resulting 
transduced cells may then be grown under conditions similar 
to those for unmodified stem cells, whereby the modified stem 
cells may be expanded aund used for a variety of purposes. 

Stem cells may be isolated from any known source of 
stem cells, including, but not limited to, bone marrow, both 
adult and fetal, mobilized peripheral blood (MPB) and 
umbilical cord blood. Initially, bone marrow cells may be 
obtained from a source of bone marrow, including but not 
limited to, ilium (e.g. from the hip bone via the iliac 
crest), tibia, femora, spine, or other bone cavities. Other 
sources of stem cells include, but are not limited to, 
embryonic yolk sac, fetal liver, and fetal spleen. 

For isolation of bone marrow, an appropriate 
solution may be used to flush the bone, including, but not 
limited to, salt solution, conveniently supplemented with 
fetal calf serum (FCS) or other naturally occurring factors, 
in conjunction with an acceptable buffer at low 
concentration, generally from about 5-25 mM. Convenient 
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buffers include, but are not limited to, HEPES. phosphate 
buffers and lactate buffers. otherwise bone marrow may be 
aspirated from the bone in accordance with conventional 

techniques - 

Methods for mobilizing stem cells into the 
peripheral blood are known in the art and generally involve 
treatment with chemotherapeutic drugs, cytokines (e.g. GM- 
CSF G-CSF or 11.3), or combinations thereof. Typically, 
apheresis for total white cells begins when the total white 
cell count reaches 500-2000 cells/ul and the platelet count 

reaches 50,000/ul- 

various techni<3ues may be en5>loyed to separate the 

cells by initially removing cells of dedicated lineage 
(-lineage-specific- cells). Monoclonal antibodies are 
particularly useful for identifying markers associated wxth 
particular cell lineages and/or stages of differentiation. 
The antibodies may be attached to a solid support to allow 
for crude separation. The separation techni<3ues employed 
should maximize the retention of viability of the fraction to 
be collected. Various technic;rues of different efficacy may 
be employed to obtain -relatively crude" separations. Such 
separations are where up to 10%, usually not more than about 
5%, preferably not more than about 1%, of the total cells 
present not having the marker may remain with the cell 
population to be retained. The particular technique en«>loyed 
will depend upon efficiency of separation, associated 
cytotoxicity, ease and speed of performance, and necessity 
for sophisticated equipment and/or technical skill. 

The use of separation techniques include, but are 
not limited to, those based on differences in physical 
(density gradient centrifugation and counter-flow centrifugal 
elutriation) . cell surface (lectin and antibody affinity), 
and vital staining properties (mitochondria-binding dye 
rhol23 and DNA-binding dye Hoechst 33342) . Procedures for 
separation may include, but are not limited to, magnetic 
separation, using antibody-coated magnetic beads, affinity 
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chromatography, cytotoxic agents joined to a monoclonal 
antibody or used in conjunction with a monoclonal antibody, 
including, but not limited to, con«>lement and cytotoxins. and 
"pemning" with antibody attached to a solid matrix, e.g., 
plate, elutriation or any other convenient technique. 
Techniques providing accurate separation include, but are not 
limited to. FACS, which can have varying degrees of 
sophistication, e.g., a plurality of color channels, low 
angle and obtuse light scattering detecting channels, 
impedance channels, etc. 

A large proportion of the differentiated cells may 
be removed by initially using a relatively crude separation, 
where major cell population lineages of the hematopoietic 
system, such as lymphocytic and myelomonocytic, are removed, 
as well as minor populations, such as megakaryocytic , mast 
cells, eosinophils and basophils. Usually, at least about 70 
to 90 percent of the hematopoietic cells will be removed. If 
desired, a prior separation may be en«)loyed to remove 
erythrocytes, by employing Ficoll-Hypaque separation. 

The gross separation may be achieved using methods 
known in the art including, but not limited to. magnetic 
beads, cytotoxic agents, affinity chromatography or panning. 
Antibodies which find use include emtibodies to lineage 
specific markers which allow for removal of most, if not all. 
mature cells, while being absent on stem cells. 

Concomitantly or subsequent to a gross separation, 
which provides for positive selection, a negative selection 
may be carried out, where antibodies to lineage-specific 
markers present on dedicated cells are employed. For the 
most part, these markers include, but are not limited to, 
CD2-, CD3-, CD7-. CDS", CDIQ-, CD14-, CDIS", CDie", GDIS*, CD20-, 
CD33" and glycophorin A; preferably including, but not 
limited to, at least CD2-, CD14-, GDIS', GDIS", GDIS" and 
glycophorin A; and normally including at least GD14- and GDIS' 

See Table 1- As used herein, Lin" refers to a cell 
population lacking at least one lineage-specific marker. The 
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hematopoietic cell composition substantially depleted of 
dedicated cells may then be further separated using a marker 
for Thy-1, whereby a substantially homogeneous stem cell 
population is achieved. Exen«>lary of this stem cell 
population is a population which is CD34-Thy-1-Lin- . which 
provides an enriched stem cell composition. 

The purified stem cells have low side scatter and 
low to medium forward scatter profiles by FACS analysis. 
Cytospin preparations show the enriched stem cells to have a 
size between mature lymphoid cells and mature granulocytes, 
cells may be selected based on light-scatter properties as 
well as their expression of various cell surface antigens. 

While it is believed that the particular order of 
separation is not critical to this invention, the order 
indicated is preferred. Preferably, cells are initially 
separated by a coarse separation, followed by a fine 
separation, with positive selection of a marker associated 
with stem cells and negative selection for markers associated 
with lineage committed cells. 

Con^jositions highly enriched in stem cells may be 
achieved in this manner. The desired stem cells are 
exemplified by a population with the CD34^Thy-l*Lin- phenotype 
and being able to provide for cell regeneration and 
development of members of all of the various hematopoietic 
lineages . 

It should be noted that negative selection lineage 
selection for lineage specific markers provide a greater 
enrichment in stem cells obtained from bone marrow than from 
MPB. The majority of CD34, cells that are mobilized into the 
peripheral blood do not express lineage-specific markers and, 
therefore, Lin. selection does not significantly enrich over 
CD34. selection in the peripheral blood as it does in bone 
marrow. Selection for Thy-1. does enrich for stem cells in 
both mobilized peripheral blood and bone marrow. 



A stem cell con«>osition is characterized by being 
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able to be maintained in culture for extended periods of 
time, being capable of selection and transfer to secondary 
and higher order cultures, and being capable of 
differentiating into the various lymphocytic and 
myelomonocytic lineages, particularly B and T lymphocytes, 
monocytes, macrophages, neutrophils, erythrocytes and the 
like . 

The stem cells may be grown in culture in an 
appropriate nutrient meditim, including, but not limited to, 
conditioned medium, a co-culture with an appropriate stromal 
cell line, adhesion molecules, or a medium comprising a 
synthetic combination of growth factors which are sufficient 
to maintain the growth of hematopoietic cells. 

For conditioned media or co-cultures, various 
stromal cell lines may be used. Since human stromal cell 
lines are not recjuired, other stromal cell lines may be 
employed, including but not limited to rodent iae, 
particularly murine. Suitable murine stromal cell lines 
include AC3 and AC6, which are described in Whitlock et al . 
(1987) Cell Afi: 1009-1021. Other stromal cell lines may be 
developed, if desired. Preferably, the stromal cell line 
used is a passage of AC6, AC6.21 (otherwise referred to as 
SySl) . 

Various devices exist for co-culture of stem cells 
with stromal cells which allow for growth and maintenance of 
stem cells. These include devices employing mechanisms 
including, but not limited to, crossed threads, membranes and 
controlled medium flow. These may be enqployed for the growth 
of the cells for removal of waste products, and replenishment 
of the various factors associated with cell growth. 

Conveniently, tissue culture plates or flasks may 
be en^loyed where confluent stromal cell layers may be 
maintained for extended periods of time without passage, but 
with cheuiging of the tissue culture medium about every five 
to seven days. 

The stem cells may be grown in co-culture by 
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placing the stem cells onto the stromal cell lines, either 
directly or separated by a porous membrane. For example, 
about 3 X 10« to 3 X 10> cells/ml are placed on a confluent 
stromal cell layer. The media employed in the co-culture may 
be any convenient growth medium, including, but not limited 
to. RPMI-1640 and IMDM either individually or in combination, 
where appropriate antibiotics to prevent bacterial growth, 
e.g. penicillin, streptomycin (pen/strep) and other 
additives, such as pyruvate (0.1-5 mM) , glutamine (0.5-5 mM) . 
2-mercaptoethanol (1-10 x lO"' M, 2-ME) and from about 5-15%. 
preferably about 10% of serum, e.g. FCS. Cytokines may also 
be added, including, but not limited to. LIF. interleukins, 
colony stimulating factors, steel factor. Of particular 
interest are LIF, steel factor, IL-3. IL-6. GM-CSF, G-CSF and 
MIP-lO . 

The factors which are employed may be naturally 
occurring or synthetic, e.g. prepared recombinant ly, and may 
be human or of other species, e.g. murine, preferably human. 
The amount of the factors will generally be in the range of 
about 1 ng/ml to 100 ng/ml. Generally, for LIF, the 
concentration will be in the range of about 1 ng/ml to 100 
ng/mg, more usually 5 ng/ml to 30 ng/ml; for IL-3. the 
concentration will be in the range of about 5 ng/ml to 50 
ng/ml, more usually 5 ng/ml to 100 ng/ml; for IL-6, the 
concentration will be in the range of about 5 ng/ml to 50 
ng/ml, more usually 5 ng/ml to 20 ng/ml, and for GM-CSF. the 
concentration will generally be 5 ng/ml to 50 ng/ml. more 
usually 5 ng/ml to 20 ng/ml. 

In one embodiment, the stem cells are optionally 
expanded prior to or after transduction. During expansion, 
the growth factors may be present only during the initial 
course of the stem cell growth and expansion, usually at 
least 24 hours, more usually at least about 48 hours to 4 
days or may be maintained during the course of the expansion. 

For use in clinical settings, it is preferable to 
transduce the stem cells without prior or subsequent 
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expansion. In one embodiment therefore, the stem cells are 
cultured with or without cytokines in an appropriate medxum. 
transduced with the appropriate vector, cultured for 
approximately 72 hours and reintroduced into the host. 

Gene transfer into stem cells may be used to treat 
a variety of neoplastic, infectious or genetic diseases. For 
example, one may introduce genes that confer resistance to 
chemotherapeutic agents, thereby protecting the progeny 
hematopoietic cells, allowing higher doses of chemotherapy 
and thereby improving the therapeutic benefit. For instance, 
the mdrl gene may be introduced into stem cells to provrLde 
increased resistance to a wide variety of drugs including 
taxol, which are exported by the mdrl gene product, xn 
combination with the administration of chemotherapeutics such 
as taxol, e.g. for breast cancer treatment. Similarly, genes 
that provide increased resistance to alkylating agents, such 
as melphalan, may be introduced into stem cells in 
conjunction with high dose chemotherapy. Genes that provide 
resistance to alkylating agents include, but are not limited 
to. glutathione-S-transf erase and methylpurine DNA 
glycosylate. Other potential drug-resistance genes that 
could be introduced into stem cells in combination with hxgh- 
dose chemotherapy include, but are not limited to: adenosine 
deaminase (ADA) for resistance to purine analogs; 06- 
alkylguanine-DNA alkyltransf erase for resistance to N-methyl- 
N-nitrosurea; methylguanine methyl transferase for resistance 
to nitrosurea BCNU; dihydrof olate reductase for resistance to 
methotrexate; methylpurine DNA glycosylate for resistance to 
radiation; and glutacyanase transferase for resistance to 

platinum emalogs. 

For viral infections that primarily affect 
hematolymphoid cells, stem cells may be modified to endow the 
progeny with resistance to the infectious agent. In the case 
of human irmnunodef iciency virus (HIV), for example, specific 
antisense or ribozyme sequences may be introduced that 
interfere with viral infection or replication in the target 
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cells. Alternatively. tHe introduced .ene --^^^-^ J^^/^'^^ 
as -decoys" by binding essential viral protexns, thereby 
ILerrerL. ^th the nor^l viral life cycle and inbib.t.n. 
::;iicatioL introduction o. the apoptosis .odulatxn. genes 
such as bcr-abl into ste. cells, :nay provide -"^-^J ^° 
the cell death by apoptosis associated with HIV xnfect.on. 

Alternatively, stem cells may be modified to 
produce a product to correct a genetic deficiency or where 
the host has acquired a genetic deficiency through a 
subsequent disease. Genes that may correct a genetxc 
deficiency include, but are not limited to, adenosine 
deaminase for the treatment of ADA" severe combined 
i„«.unodeficiency; glucocerebrosidase for the treatment of 
Gaucher -s disease; beta-globin for the treatment of siclcle 
cell anemia; and Factor VIII or Factor IX for the treatment 

of ^^'^^^^ constructs are discussed in Burns et 

al (1993) and PCT application no. WO 92/14829 although any 
functional pseudotype virus containing the VSV-G gene and 
capable of being packaged by a packaging cell line is 
suitable for use herein. The viral constructs employed w.ll 
normally include the VSV-G gene, the foreign gene s) and a 
Ilrker gene, which allows for selection of cells into which 

:L has been integrated, as against cells which have not 
integrated the DNA construct. Various marker genes include, 
but are not limited to. antibiotic resistance markers such 
as resistance to G418 or hygromycin. Less conveniently 
negative selection may be used, including, but not limited 
negative HSV^tk gene, which will make the 

to, where the marker is the tiSV gene, 

cells sensitive to agents such as acyclovir and gancyclovir. 
Alternatively, selections could be accomplished by ex^loyment 
of a stable cell surface marker to select for transgene 
expressing stem cells by FACS sorting. 

The viral constructs can be prepared in a variety 
of conventional ways. Numerous vectors are now available 
which provide the desired features, such as long terminal 
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repeats, marker genes, and restriction sites, which may be 
further modified by techniques known in the art. The 
constructs may encode a signal peptide sequence to ensure 
that genes encoding cell surface or secreted proteins are 
properly processed post-translationally and expressed on the 
cell surface if appropriate. Preferably, the foreign gene (s) 
is under the control of a cell specific promoter as discussed 

in those instances where a particular polymorphic 
region of a polymorphic protein, such as a T-cell -"P^"' 
„«jor histocon^atibility complex antigen, or immunoglobulxn 
subunit is involved with susceptibility to a particular 
disease, for exaitple an autoimmune disease, the particular 
exon may be -knocked out" by homologous recombination, so as 
to provide hematopoietic cells which will not be responsive 

to the disease. 

Expression of the transferred gene can be 
controlled in a variety of ways depending on the purpose of 
gene transfer and the desired effect. Thus, the introduced 
-gene may be put under the control of a promoter that wxll 
cause the gene to be e^ressed const i tut ively. only under 
specific physiologic conditions, or in particular cell types 
Examples of promoters that may be used to cause expression of 
the introduced sequence in specific cell types include 
Granzyme A for expression in T-cells and NK cells, the CD34 
promoter for egression in stem and progenitor cells, the CD8 
promoter for expression in cytotoxic T-cells, and the CDllb 
promoter for expression in myeloid cells. Inducible 
promoters may be used for gene expression under certain 
physiologic conditions. For example, an electrophxle 
response element may be used to induce expression of a 
chemoresistance gene in response to electrophilic molecules. 
The therapeutic benefit may be further increased by targeting 
the gene product to the appropriate cellular location, for 
example the nucleus, by attaching the appropriate localizing 
sequences . 



PCT/US95/11892 
WO 96/09400 

- 18 - 



in addition, by appropriate use of anducxble 
««,ressioii o£ various protein products can be 
promoters, expression o£ differentiation or in selected 

J «^i*»c:ted levels of dxrrerentiai--^ 
achieved at selected le ^articular chemicals. 

, . -r^i- c^Trm in response to parcxs-u-*-*-*- 

cell ^-^'-/J.:;^/," p„!i=ul.r li,«.as, »>a the liKe. 

r.:Tii: ai«...n.i.« - --"^=;r:r. 

.He 1..^^^^ .ncluae .u. ere 

cells e.,. ^ .He »e.Hoa =^ „..h 
BO -1418-1422 or culturing with viraJ. sup . ^ „ 

^iate arowth factors and polycations, e.g. 
or without appropriate growtn x oo. 223-230; and 

^ .he »..Hoa of Xu e. el. ^--f^ ^'"^ 

^♦-v,o-r source of stem cells from a 
removal of bone marrow or other source o 

™Ho:.. .He .... cell= ^^^^ j;::^ _ 

^..,„eiiv ^^2^^ :r.°ri:ii;or=c^ie..iv 

be tre..ea .o p.r.i.lly. i„ia.,d s.«. cells »«y 

r::Lrarrr.Hi:t:-:ro. .o .» .o.iae 
r.,: cell. H...„, .He -"-.r ^ ::r..ea"::: 

£ t-'reatment of the nost, cne kh-p^-*--- 

completion of the treacment 

ceils .Hen .e .es.c..a - ^^T^.r cell 

e«.e..io„ of .He ''"^ ::;cp„ia.io» are 

rl..~..ial ™le.io„ o. .ne .oalfiea ..e:. dls. 
TO ensure .Ha. .he e.e» cells Have been 

laer various conai.ions .o ensure .Ha. .hey «" =«f 
^.uraticn .o .11 o£ .He h«».opoie.i= Lneaoes wH.le 
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n^intaining the capability, as appropriate, of the xntroduced 
DNA various tests in vitro and in vivo may be employed to 
ensure that the pluripotent capability of the stem cells has 

been maintained. 

The compositions comprising stem cells provide for 
production of myeloid cells and lymphoid cells in appropriate 
cultures, cultures providing hydrocortisone for production of 
nveloid cells (associated with Dexter-type cultures) and B 
lyinphocytes in cultures lacking hydrocortisone, (associated 
with Whitlock-Witte type cultures) . In each of the cultures, 
mouse or human stromal cells are provided, which may come 
from various sources, including, but not limited to, AC3 , AC6 
or stromal cells derived from mouse or human FBM by selection 
for the ability to maintain stem cells, and the like, 
preferably, the stromal cells are AC6.21 and the ability to 
produce B lymphocytes and myeloid cells is determined in 
cultures supplied with LIF and IL-6. The stem cells give 
rise to B cells, T cells and myelomonocytic cells in the m 
vivo assays described below. 

TO demonstrate differentiation to T cells, fetal 
thymus is isolated and cultured from 4-7 days at about 25oc. 
so as to deplete substantially the lyiophoid population. The 
cells to be tested for T cell activity are then microinjected 
into the thymus tissue, where the HIA of the population which 
is injected is mismatched with the HUA of the thymus cells. 
The thymus tissue may then be transplanted into a scid/scid 
mouse as described in US Patent No. 5,147,7 84. particularly 
transplanting under the kidney capsule. 

Specifically; the population of stem cells can be 
microinjected into HIA mismatched thymus fragments. After 6- 
10 weeks, assays of the thymus fragments injected with stem 
cells can be performed and assessed for donor- derived T 
cells. injected thymus fragments injected with cells having 
T cell differentiative capacity will generate and sustain 
CD3-, CD4*. and CDS* T cells along with their progenitors. 

Further demonstration of the sustained regenerative 
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o. ,.e„ cell populations ^ 'ZT^TClZ^^^o. 

• SCID-hu bone model. Kyoizumi et al . (X3y^» oJ^i^ 

"04 TO analyze this, one isolate nu^an fetal bone 

ia.l704. TO y .^„^in-iiy sliced portion of this bone 

and transfer a longitudinally sxxc 

into the ™mary fat pad of a scid/sc.d anxmal The bo 
cavity is diminished in endogenous cells by whole body 
iLadlation of the mouse host prior to injection of the 
,^«^ion The HIA of the population which is 

rr s.e„ cell. ..o„ — rurrr.'„r 

identify BFO-E uni«, for »»»pl. -ethylcellulos. culture 
demonstrating that the cells are capable of ^ 

^ /iQ'7'7\ Tn- Recent Results in 

erythroid lineage. Metcalf (1977) In. 

£1 c3«-rinaer-Verlag, Berlin, pp. 1-22'- 
cancer t^/ X cell »y .e aefin-a a, follow.: 

,1, gives rise to progeny in .11 defined he^atolymp^oid 

.nd (2) limiting nu»bers of cells are capable of 
lineages, '"^ ' = ' ..'iously inununoco^romi.ed hu»>n host 

fully reconstituting a serio"* jr t-ve 
I: all blood cell types and their progenitors, including the 
pluripotent he„.top,ietic .te„ cell by self 

The following «c»»pl.s are provided to illustrate 

but not limit the invention. 



Apheresed sait^les were obtained with informed 

consent from -.Itiple -1°^ -™ ThHirenrwere 
university of Arkansas Medical Center. The p 
treated on day 1 with cyclophosphamide at 6 g/m (1.5 g/ 
e^er^ 3 Ls x 4 doses) . Prom day 1 until the start of 
TeZpheresis (usually 10-28 days) , granulocyte macrophage 
colony stimulating factor (GM-CSF) was given at 0.25 
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.g/mVday. Apheresis for .o.al white cells was ^ 
the peripheral blood white cell count was 
cells/ul and the platelet count was greater than 50,000 
cells/vil. Patients were apheresed daily until from 6 x 
mononuclear cells (MNC) were collected. 

Antibodies to CD2, CD14 , CD15. CD16 and CD19 were 
obtained as FITC conjugates from Becton-Dickinson. Antibody 
to Thy-1 (GM201) was obtained from Dr. Wolfgang Rettrtg 
(Ludwig institute. New York), and was detected with ant.-yl- 
PE conjugate from Caltag. Antibody to CD34 (Tak 3) was 
obtained from Dr. Andreas Ziegler (University of Berlxn) . and 
detected with an anti-yS-Texas Red conjugate (Southern 
Biotechnologies) . The antibody to glycophorin A was obtained 
as a FITC conjugate from AMAC. The lineage cocktail was a 
combination of antibodies to CD2 , CD14. CD15, CD16. CD19 and 

glycopliorin A. 

For cell sorting, fresh MPB samples were elutriated 
with a JE5 . 0 Beckman counterf low elutriator equipped with a 
Sanderson chamber (Beckman. Palo Alto. CA) . Cells were 
resuspended in elutriation medium (Biowhittaker . 
Walkersville. MD, at pH 7.2, supplemented with ° ' 5% human 
serum albumin (HSA, . The rotor speed was set at 2000 KPM, 
the cells were introduced, and the first fraction collected 
at a flow rate of 9.6 ml/min. Fractions 2 and 3 were 
collected at the respective flow rates of 14 and 16 ml/mxn. 
The larger cells remaining in the chamber were collected 
after stopping the rotor. Cells were resuspended in RPMI 
supplemented with 5% HSA. 10 pg/ml DNAse I and 
penicillin/streptomycin at 50 U/ml and 50 ug/ml, 
respectively. Fractions 2 and 3 were pooled and incubated 
with 1 mg/ml heat-inactivated human gamma-globulin to block 
non-specific Fc binding. Granulocytes were further depleted 
by incubation with CD15 conjugated to magnetic beads (Dynal 
M450, Oslo, Norway) followed by magnetic selection. 

Anti-CD34 antibody or an IgG3 isotype matched 
control were added to cells in staining buffer (HBSS, 2% FCS, 
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• ^« toaetlier with anti-Tliy-1 
10 mM HEPES) for 20 minutes on ice, together 

IT^y = n,"^- cell, were w.sh.a wi.h a PCS unaerl.y. 

1003 antibody -.d phycoerythrin-coniuga^d ,oat «.<:x-.«.us. 
IgG3 ancu>oay r Biockina loOl was Chen 

ISGl antibody £ot 20 minutes on ice. Blockino 9 
iLea for 10 »inute.. After blocking, the FITC-con,u,ated 
t!ne!,e antibody panel „a, added, and incubated for another 
20 minutes cn ic After a final washin,, ""^ "'^^ 
re.usp.nded in staining buffer containing propxdxum .od.de 

' cells were sorted in the FACSTAR Plus cell sorter 

..raiPPed with dual arson ion lasers, the prin«ry laser 
ZZn, at 48S n„ and a dye laser ,«>oda„ine 63, ^ttrn, at 
eoo nm .coherent xnnov. Santa Cru., CA, -"^^^ 

srythrocytes. debris and dead c.ll. were excluded by l.sht 
scatter gatins plus an PL3 .PI> low S-ate. Follow.na 
isolation of a cell population by FACS. ^^J^'^^l 
diluted 1:1 in HBSS. pelleted, and resuspended .n HBSS 

Hemocvtometer counting . ^ • ^ 

CD34- cells were positively selected from cadavarxc 
.dult bone marrow (AB«, usin, a biotinylat.d anti-CD34 
antibody <K6.1, ~.d a biotin co^tition release accordxn, to 
the method described in PCT patent application no. 
WO94/02016 . 

£2£aiQQlfi-2. 

The ait^hotropic virus used was MFG-lacZ. MFG 
vectors are described in Dranoff et al . (1993, Fror ■ N^U . 
.... c... aSA 9il:3539-3543. Amphotropic MFG-lacZ was 
Obtained as viral supernatant froxn Son^tix Therapy 
corporation (Alameda. California) . The viral txter 
represented in Table 2 was deterxoined by the supplier 

A VSV-G pseudotype virus was prepared usxng a cDNA 
Clone of the Kew Jersey isolate of the VSV-G envelope protexn 
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as the source of the VSV-G gene. Rose and Bergmann (1982) 
cell 2ii:753-762. The VSV-G gene was subcloned by polymerase 
chain reaction (PCR) on a Cetus GeneAmp 9600 machine using 
100 ng plasmid; 10 ng each primer and 10 cycles of the 
following: 30 sec 92-C. 30 sec SS-C. and 1 min 72°C. The 
following primers were used in PCR: 

SEQ ID NO 1 5 • GCGCGGGAATTCTGACACTATGAAGTGCCT 3 ' 
SEQ ID NO 2 5 • CCGGAGTCTAGAGTGCAGGATTTGAGTTAC 3 ' 
Primer No. 1 was the 5' primer and generated an EcoRI site. 
Primer No. 2 was the 3' primer and generated an Xbal site. 
The resulting fragment was digested with EcoRI and Xbal and 
cloned into plasmid pME-18S digested with EcoRI /Xbal to 
generate plasmid pME-VSV-G. pME-18S was obtained from DNAX; 
plasmid PME-VSV-G is depicted in Figure 1. Plasmid MFG-lacZ 

is depicted in Figure 2 . 

The pseudotyped virus was prepared by transducing 
the ANJOU cell line according to the method described by Pear 
et al. (1993) r^rr ^^-^^ ^^"^ ^.ci ■ USA 1^: 8392-8396 . ANJOU 
cells used in transfection were maintained in Dulbecco ' s 
modified Eagle's medium (DMEM) supplemented with 10% (v/v) 
FCS. 2 mM 1-glutamine, penicillin (100 U/ml). and 
streptomycin (100 ^g/ml) and grown at 37oc in 5% CO,. NIH3T3 
cells were maintained in similar media but containing 10% 
(v/v) calf serum instead of FCS. 

ANJOU cells were plated at 10'/15 cm plate 18 hours 
prior to transfection. Standard calcium phosphate 
transfection solution (Pear et al. (1993)) was prepared with 
30 vg MFG-LacZ and 30 ug pME-VSV-G and added dropwise to 
cells in media containing 25 pg/ml chloroquine to increase 
transfection efficiency. Six to 8 hours later the media was 
changed to 10 ml fresh DMEM. cells were grown an additional 
10 hours and the media changed again. Viral supernatant s 
were collected 48 hours after transfection and either (1) 
used to infect target cells, (2) frozen down at -200C, or 
(3) concentrated as discussed below. ANJOU cells were fixed 
in a 2% paraformaldehyde/ 0.2% glutaraldehyde solution and 
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stained with X-G.1 to determine the tr«..£.=tion ««^=i-=='^ 
peer et .1. (1993. • The virus obtained w.s desraneted VSV-G 



MFG-lacZ . 



ponreTifrfil-iQn i iiiii rirr n rinn of v i rus 

Harvested supernatants from confluent ANJOU 
producer cells were centrifuged to remove cellular debris at 
200 rpm for 10 min, tl.en subjected to ultracentr.fugatxon xn 
a BeCman Model centrifuge in an SW28 rotor at 25,000 rpm at 
40c for 1.5 hours. The pellet was resuspended overnxght at 
40c in 300 ml TNE (50 mM Tris-HCl , pH 7.8, 130 mM NaCl, 1 mM 
EDTA) and then frozen at -20oc. Titered amounts of the 
concentrated or the non-concentrated virus were used to 

infect target NIH3T3 cells. 

The viruses were titered on target cells plated xn 
3 ml Of appropriate media in 6 cm plates at 2x10^ cells per 
plate to achieve 60-73% confluence at the txme of xnfectxon. 
Eighteen to twenty-four hours after seeding, the -dia was 
supplemented with 5 ug/ml polybrene and virus was added 
immediately afterward. Media was changed to 6 ml of fresh 
„.edia 8 hours after addition of virus to avoid polybrene 
toxicity. Forty-eight hours after infection, the medxa was 
removed and cells were assayed for p-galactosxdase actxvxty 
by X-gal or FACS-Gal according to the method descrxbed by 
^Ilan et al. Cl^BB) P . . ^n . ^r,U ..^ ^■.^eO.-^SO 

« liters The titratxon results are 

for determinatxon of vxral txters. 

shown in column 3 of Table 2. _ ^ - 

Transductions were performed as descrxbed xn 
Exartvple 3, using concentrated, frozen, virus preparations. 
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1 X 10> CD34- (ABM) or 1 x 10^ CD34*Thy*Lin- (MPB) 
viable cells obtained as described in Example 1. were 
suspended in 1 ml of freshly thawed retroviral ^^^^^^^^ 
with cytokines at the following concentrations: c-k.t lagand 
(*..en) 100 n./.l; X.-3 (Sandoz, 25 n./.l; X.- ^^^^^^ ° 
ng/ml. protamine sulfate was added at a final concentration 
of 4 ug/ml. At 24 and 48 hours, supernatant was replaced 
with freshly thawed retroviral supernatant. Cytolcines and 
protamine sulfate were added at the concentrations l.sted 
Ibove. After 72 hours, cells were harvested and transduction 

frequency was determined. 

Alternatively, 1 x 10* CD34- (ABM) or 1 x 10 
CD34*Thy-ri-in- (MPB) cells obtained as described in Example 1 
were transduced as described above except that the cells were 
incubated with the retroviral supernatant for 16 hours 
without change of supernatant. The results of the 16 hour 
transduction are shown in Tables 2 and 3 . 

nrtriYlTT'''"' assay 

in order to determine transduction fre«3uency of the 
stem cells, the following experiment was performed. 5 x 10^ 
or 2 5 X 10' cells from each transduction were added to 5 ml 
of methylcellulose (Stem Cell Technologies) containing the 
following cytokines: c-kit ligand 10 ng/ml; GM-CSF 25 
ng/ml; G-CSF 25 ng/ml; IL-3 10 ng/ml-; rhEPO 2 units/ml. 1.1 
ml of the cell /cytokine methylcellulose mixture was plated 
onto four 3 cm gridded plates using a 5 ml syringe and 16.5 
gauge needle, and the plates were placed in a 37oc incubator 
for 2 weeks . 

After 14 days, 2-5 methylcellulose colonies were 
pooled into 200 ul PBS for PGR analysis. The cells were 
vortexed 5 seconds, centrifuged for 30 seconds at 10,000 rpm 
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i„ . „i=ro=en«ifu,., and th, PBS wa. removed ^ "P""";^ 
100 ul of Flor«.=e ^xsin« Buffer conteining Pro«.n.se K (=0 
L KCl. 20 Tris-H=l pH ,.0, 1.5 ^ H,C1. 0..% ™— 
0 5, HP40, 1 n«/ml pro«lnaee K, was added to the cell pellet 
l;rvLte«a to generate . cell Ivsate. =«" .^7// J" 

incu^ted 60 n^nutes in a 60== water bath --^"^^'"^^ 
flash «.in. The cells were incubated 15 „.nut,s r„ a 95 C 
heat blocK and subjected to flash spin. «.e lysates were 
stored at .^c. ^^^^^^^ ^^^^ ,^ii£ied by PCR to determine the 
presence of the vector in the transduced cells. The PCR 

a^lified a 539 bp fra^t from «PG-lacZ. S 40 cycle 
a::trfic:tio„ .50 ul total volu»e, in 

^na 25 ul lysate and 100 n, each LZ «21 and I.Z 5466 
Xyston., Econopure primers was performed as follows: one 
T^CrJc 6 »in. 62»C 1 min 72=0 2 »in, 4 cycles 95»C 2 m.n, 
e2o= 1 «in, 72=C 2 min, 35 cycles 95»C 2 min, 62oc 1 mr„^ 
,2oc 2 min,- final ext».sio„ 72»C 10 min. PCR products were 
visualired on ethidium bromide across ,el and the results 
were verified by Southern Blot hybridisation with a lacz 
probe fts an alternative to detection by southern blot 

hybridization, in some c =ond. nested amplification 

was performed usins a 30 cycle amplification in PE cycler 
using 5 Ul of primary PCR product and 100 each of I.Z4953 
and LZ5425 (Keystone) Econopure primers. 

The results obtained are presented in Table 2. 
Note that the transduction fre,;r.ency represented in the fxnal 
column represents a minimum transduction fre,^ency. srnce rt 
assumes that, in a positive sample, only one colony of each 
pooled sample was positive. « higher transduction 
fre,raencies, the number presented is likely to be an 
underestimate of the actual transduction frequency. 
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The results presented above show that the VSV-G 
pseudotyped vector transduces CD34-Thy-rLin- MPB stem cells 
with three to four fold greater efficiency than CD34- ABM 
cells. Transductions were performed for either 72 hours 
(Table 2) or 16 hours (Tables 2 and 3 ) . While transduction 
efficiency was higher with the longer transduction, the 
relative increase in transduction fre<iuency was the same 
under both conditions. Under both transduction conditions, 
the VSV-G pseudotyped vector transduced MPB stem cells with 
much greater efficiency than the comparable amphotropic 
vector (on the order of five-fold in the 72 hour 
transduction; the 16 hour transduction cannot be con^ared 
since there were no transductions detected with the 
amphotropic vector) . The observed differences are not due to 
patient variability or variation in the stem cell preparation 
since, in each case, the MPB samples from a single 
purification for the same patient were transduced with both 
the pseudotyped and amphotropic retroviral vectors. By 
comparison, the amphotropic vector transduced CD34^ ABM cells 
at a slightly higher frequency than CD34^Thy-l-Lin- MPB cells, 
although this difference may not be statistically 
significant. Even with the amphotropic vector, it is likely 
that the stem cells are transduced at a higher frequency in 
the CD34*Thy-l'Lin- population than in the CD34* population. 

in both the 16 and 72 hour transductions with the 
VSV-G pseudotyped vector, there appeared to be a greater loss 
in viable cells than in transductions with the amphotropic 
vector. The clonogenic potential of the recovered cells in 
methylcellulose, however, did not appear to be significantly 
affected (Table 3) Preliminary observations suggest that 
nvuch of the loss in viability is attributable to the buffer 
used in the VSV-G virus preparations, rather than to the VSV- 

G vector itself. 

Although the foregoing invention has been described 

in some detail by way of illustration and example for 
purposes of clarity of understanding, it will be apparent to 
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those skilled in the art that certain changes and 

, „^acticed It should be apparent that 
modifications may be practicea. j.^ 

havin, ordinal sKill in .»is ar. wouia ^ Z^^' " 
surmise e,^ivale„ts .c ehe invasion as described .n th. 
'xir»s which follow bu. which would ha wi.hi„ .he sp.r.t ot 
:h:Tescrip.ion ahove. Those e<^ivale„» are « he included 
within the scope o£ this invention. Therefore, the 
rstrlption an^ exa^le. should not he construed as l^.t.n. 

the scope of the invention, which is delineated hy the 

appended claims. 



PCT/US9S/11892 

y/O 96/09400 

- 31 - 



^^ aims 

1. A method for genetically modifying 
hematopoietic stem cells coinprising: 

obtaining hematopoietic stem cells; and 
transducing the stem cells with a viral vector 
bearing the vesicular stomatitis G protein. 

2. The method according to claim 1 wherein the 
stem cells are CD34'Thy-l*Lin- . 

3. The method according to claim 1 wherein the 
stem cells are obtained from bone marrow, mobilized 
peripheral blood or umbilical cord blood. 

4. The method according to claim 3 wherein the 
stem cells are obtained from bone marrow or umbilical cord 
blood and are CD34*Thy-l*Lin- . 

5. The method according to claim 3 wherein the 
stem cells are isolated from mobilized peripheral blood. 

6. The method according to claim 5 wherein the 
stem cells are CD34*Thy-l*. 

7. The method according to claim 1 wherein the 
viral vector is MFG. 

8. The method according to claim 1 wherein the 
stem cells are isolated from mobilized peripheral blood and 
the viral vector is MFG. 
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